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WHAT IS CLAIMED IS: 

1. A method of treating a surface of a sample, 
comprising the steps of: 

generating a plasma /in a treatment chamber; 
applying an rf bias voltage to a stage on which a 
sample is placed independently of the generation of 
the plasma; and 

on-off modulating an rf bias voltage to which a 
peak to peak voltage Vpp value larger than a Vpp value 
of a continuous >rf bias voltage at which the same etch 
rate can be obtained is given. 

2 . A meth'od t^p^isiq to claim 1 , wherein the 
frequency of /the ::f bias voltage is set to 15 MHz or 
lower and t^fe Vpp value of the rf bias voltage is set 
to 500V or ^higher. 



3 . A method acco 
frequency of the rf 
than 15 MHz and 



is set to 8< 




claim l f wherein the 
voltage is set to be higher 
lue of the rf bias voltage 



or higher 



^0 ^7^~f 4 - A method according to claim 1, wherein a duty 
ratio when the rf bias voltage is in the on state is 
/set to 5 to 50%. 

5. A method according to claim 1, wherein the 
sample surface treatment\f roin^the' beginning till the 
25 end is divided into a plurality of steps and the rf 
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bias voltage \s on-off modulated in at least one of 
the steps. 

6. A method according to claim 5, wherein the 

plurality of steps are grouped into ^tes^f irst half in 
t 

which a selectivity for a substance of an underlying 



film is relatively low and ^feiie- latter half in which 
the selectivity Vs relatively high, and the rf bias 
voltage is on-off^ modulated at least in the steps of 
the first half. \ *C 
10 7. A method according to claim 6, wherein the 

steps are switched according to time. 

8. A method of treating a surface of a sample , 
comprising the steAs of: 

arranging a sartiple on a stage provided in a 
15 chamber; 

continuously supplying an etching gas into the 
chamber and generatjoig a plasma from the etching gas; 

applying an rf*fc£as of a frequency of 100 kHz or 
higher to the stage ^independently of the generation of 
20 the plasma; and 

modulating the rk bias at a frequency of 100 Hz to 
10 kHz to perform a surface treatment in which a 
minimum feature size is 1 urn or smaller to the sample, 

9. A method according to claim 8, wherein the 
25 plasma is a high-density plasma having an electron 
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density of 1 x\io 10 /cm~ 3 or higher. 

10. A method according to claim 8, wherein the 
etching gas is a mixed gas of chlorine and oxygen. 

11. A method of treating a surface of a sample, 
comprising the stleps of: 

arranging a spmple on a stage provided in a 
chamber; 

continuously ^applying an etching gas into the 
chamber and generating a plasma from the etching gas 
by using microwaves: 

applying an rf bias - ; ef- a frequency of 100 kHz to 



10 MHz to the s 
the plasma; 

on-of f modula 



tage 



independently of the generation of 
the rf bias at a frequency of 



25 



100 Hz to 10 kHz; and\ 

^ a Vpp value of the rf bias voltage in the on state 

\ ^ ^VWJlVxJ 

- i s. se t to 100V or higher ajBEL the lsurf ace of the sample 

A 

is treated. 

12- A method according to claim 11 , wherein the 
plasma is an ECR plasma \using microwaves of 2.45 GHz. 

13. A method according to claim 11, wherein the 
plasma is an ECR plasma losing microwaves of 100 MHz to 
1 GHz , 

14. A method of treatiing a surface of a sample, 
wherein when a sample having a pattern whose minimum 



• 
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x h feature size is 1 >?m or smaller held on a stage 
provided in a (chamber by electrostatic chucking is 
etched with a plasma generated by continuously 
supplying an erahing gas into the chamber/ 
5 the samplers treated by applying an rf bias to 

the stage independently of the plasma generation and 
time modulating phe rf bias. 

15. A method Recording to claim 14 , wherein the 
$S I electrostatic chuck \of the sample is that of a dipole 

10 I type. 

16. A method of\ treating a surface of a sample, 
wherein when a sampla having a film made of a material 
serving as a gate electrode on a gate oxide film 
having the thickness o\f 6 nm or smaller is etched with 

15 a plasma, an rf bias i^ applied to the sample and is 
also time modulated. 

17. A method accofccji/ig to claim 16, wherein the 
film made of the materiaVL serving as the gate 
electrode is a polys ilic^n film or a multilayered film 

20 including a polysilicon fLilm. 

18. A sample surface treating apparatus 
<A^^eompr is ing : 

I a stage which is provided in a chamber and on 
which a sample to be subjected to a surface treatment 
25 is placed; 
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etching gas supplying means for continuously 
supplying an etching gas for plasma generation into 
<\ the chamber f\ 
Cq ^ plasma generating means for generating a high- 

5 density plasma \in the chamber; 

a bias poweA supply for applying a bias voltage of 
100 kHz or higher Vto the stage independently of the 
plasma generation; and 

pulse modulating\means for modulating the bias 
10 power supply at a frequency of 100 Hz to 10 kHz, 

wherein the surf aceVtreatment in which the minimum 
feature size is 1 p or smaller is performed to the 



sample placed on the stagey 

19. An apparatus according to claim 18, wherein 




A 



amplitude of the tf voltage of 500V or higher can 



be generated when the \ frequency of the rf power supply 

UTK5 1 



xx is 15 MHz or lower, arid 
V 1 /\ 



amplitude of the rf 
voltage of 800V or higher can be generated when the 
frequency of the rf poker supply is higher than 15 
MHz . 



20. An apparatusVajp^ording to claim 18, wherein 
the high-density plasma! is generated by -eifcke^- an 

Electron Cyclotron Resonance system f ^©^-an Inductively 

A 



Coupled Plasma system. 
25 21. A sample surf act treating apparatus 
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comprising 

a stage which is provided in a chamber and on 
which a sample to be subjected to a surface treatment 
\v -is- placed;] 



10 



15 



20 



K 

etching gas supplying means for continuously 
supplying an etching gas for plasma generation into 
the chamber; 

plasma generating means for generating a high- 
density plasrm in the chamber by using microwaves; 

a bias podjer supply for applying a bias voltage of 
100 kHz to 10 MHz to the stage independently of the 
plasma generation; and 

pulse moduIJtting means for modulating the bias 
power supply a£ ^/frequency of 100 Hz to 10 kHz, 

wherein the kmplitude of the rf voltage as the 
bias power suppl^ is set to 100V or higher. 

22. An apparatus according to claim 21, wherein 
said plasma generating means uses electron cyclotron 
resonance by usinq microwaves whose frequency is 2.45 
GHz. 

23. An apparathis according to claim 21, wherein 
said plasma generating means uses electron cyclotron 
resonance by using Microwaves whose frequency is 100 
MHz to 1GHz. 
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